ABSTRACT: Body weights of finishing pigs can be variable within a finishing barn near the time of slaughter; therefore, it is common to market pigs over a period of time. This allows lighter pigs more time to gain BW and approach a desired end point. Use of immunological castration late in life to control boar taint, as an alternative to physical castration early in life, increases cutting yields of finishing male pigs compared with physical castrates. Because of common marketing strategies, it is important for advantages in cutting yields to span a broad spectrum of slaughter ages and BW. The primary objectives in this study were to evaluate carcass cutting yields, pork quality, belly quality, and bacon processing characteristics of immunologically castrated (IC) male pigs fed a moderate level of distillers dried grains with solubles and slaughtered at either 4 wk (early slaughter group) or 6 wk (late slaughter group) post-second injection. A total of 156 male pigs (physical castrates or IC males) were selected from a population of 1,200 finishing pigs. Data were analyzed with the MIXED procedure of SAS as a split-split plot design. Body weights of IC males were 3.60 kg heavier (P = 0.03) than physical castrates when slaughtered at 4 wk post-second injection and 7.52 kg heavier (P < 0.0001) than physical castrates when slaughtered at 6 wk post-second injection. Because of a lack of interaction (P > 0.05) between sex and time of slaughter post-second injection, some response variables were pooled. Hot carcass weights were not different (P = 0.57) between physical castrates (91.98 kg) and IC males (92.52 kg). There was a 2.77 percentage unit decrease (P < 0.001) in dressing percentage of IC males (71.78%) compared with physical castrates (74.55%). Lean cutting yields of IC males were 2.62 percentage units greater (P < 0.0001) than physical castrates and carcass cutting yields were 2.27 percentage units greater (P < 0.0001) for IC males when compared with physical castrates. There were no differences between IC males and physical castrates for shear force (P = 0.09), ultimate pH (P = 0.57), objective color (P ≥ 0.31), subjective color score (P = 0.64), or drip loss (P = 0.30). Bellies from IC males were thinner (P = 0.01) and had narrower belly flops (P < 0.0001) than bellies from physical castrates. There were no differences (P = 0.74) in cured belly cooked yield between IC males and physical castrates. Overall, immunological castration improved cutting yields, did not affect pork quality, made fresh bellies thinner, and did not affect cured belly characteristics when pigs were fed a moderate level of distillers dried grains with solubles during the finishing phase of production.
cause of a lack of interaction (P > 0.05) between sex and time of slaughter post-second injection, some response variables were pooled. Hot carcass weights were not different (P = 0.57) between physical castrates (91.98 kg) and IC males (92.52 kg). There was a 2.77 percentage unit decrease (P < 0.001) in dressing percentage of IC males (71.78%) compared with physical castrates (74.55%). Lean cutting yields of IC males were 2.62 percentage units greater (P < 0.0001) than physical castrates and carcass cutting yields were 2.27 percentage units greater (P < 0.0001) for IC males when compared with physical castrates. There were no differences between IC males and physical castrates for shear force (P = 0.09), ultimate pH (P = 0.57), objective color (P ≥ 0.31), subjective color score (P = 0.64), or drip loss (P = 0.30). Bellies from IC males were thinner (P = 0.01) and had narrower belly flops (P < 0.0001) than bellies from physical castrates. There were no differences (P = 0.74) in cured belly cooked yield between IC males and physical castrates. Overall, immunological castration improved cutting yields, did not affect pork quality, made fresh bellies thinner, and did not affect cured belly characteristics when pigs were fed a moderate level of distillers dried grains with solubles during the finishing phase of production.
INTRODUCTION
Improvest (Pfizer Animal Health, Kalamazoo, MI) is a immunological product for swine that stimulates the immune system of the pig to produce antibodies to gonadotropin-releasing factor (GnRF), temporarily blocking its activity. Immunologically blocking the signal from GnRF to the anterior pituitary gland decreases the production of testicular steroids (Zamaratskaia et al., 2008) , thus eliminating boar taint issues. Reduction of boar taint with immunological castration has been proven hormonally (Dunshea et al., 2001) , with consumer sensory panels (Font i Furnols et al., 2008) , and with trained panels (Font i Furnols et al., 2009) . Reported data have also consistently shown an improvement in feed efficiency (Dunshea et al., 2001; Fàbrega et al., 2010) , no differences in pork quality variables (Pauly et al., 2009; Gispert et al., 2010) , an increase in carcass leanness (Jaros et al., 2005; Fuchs et al., 2009) , and greater cutting yields (Boler et al., 2011b) of immunologically castrated (IC) males when compared with physical castrates. Currently, the product is being used in Asia, Australia, Europe, and Central and South America as a means to take advantage of the ability of an entire male pig to grow more efficiently and produce a leaner carcass when compared with physical castrates.
Because of variation in BW of pigs within a finishing barn near the time of slaughter, it is common practice to market pigs over a period of time (DeDecker et al., 2005) . This allows slower growing pigs more time to gain BW and come closer to the desired compositional end point. It is important to understand if the advantages of immunological castration persist over the entire marketing period. Therefore, the primary objectives in this study were to evaluate carcass cutting yields, pork quality, belly quality, and bacon processing characteristics of IC male pigs fed a moderate level of distillers dried grains with solubles (DDGS) and slaughtered at either 4 wk (early slaughter group) or 6 wk (late slaughter group) post-second injection.
MATERIALS AND METHODS
No approval was obtained from the University of Illinois Institutional Animal Care and Use Committee for this experiment because only carcasses were used in the experiment. Experimental procedures during the live phase of the experiment followed the guidelines stated in the Guide for the Care and Use of Animals in Agricultural Research and Teaching (FASS, 2010) . Carcasses were obtained from a USDA Food Safety and Inspection Service slaughtering facility and then transported to the University of Illinois Meat Science Laboratory.
Allotment and Diet Schedule
Pigs selected for the study were a subset of animals used in a large commercial feeding study involving 1,200 total finisher pigs (PIC 337 × PIC C-22, Pig Improvement Company, Hendersonville, TN). Initially, at 1 wk of age, pigs were randomly assigned to 1 of 2 sexes (physical castrate or IC male). Pigs designated for physical castration were surgically castrated (a means of castration commonly employed in US production systems) within 10 d of birth. Both sexes were weaned at 3 wk of age and fed the same nursery diet until they were placed in the grower/finisher barn at 6 wk of age. At 6 wk of age, pigs were switched to different diets based on sex. Both sexes were fed a step-down lysine program, but IC males were fed a diet greater in lysine than physical castrates throughout the grower and finisher phase of the trial and culminated in physical castrates being fed 0.83% lysine in the late finishing phase and IC males being fed 1.00% lysine during the late finishing phase (Table 1) . Boler et al. (2011b) reported that IC males fed a diet greater in lysine than physical castrates showed improved carcass cutting yields and implied the lysine requirement to maximize carcass cutability of IC males is greater than physical castrates. Both diets contained 20% DDGS until the pigs were 21 wk of age. At that time the DDGS was reduced to 10% and fed at that amount until slaughter.
At 15 wk of age, the IC males received the first of two 2-mL subcutaneous injections of an anti-GnRF immunological product (Improvest). The second dose was administered to the IC males at 19 wk of age. Both sexes were slaughtered based on selection criteria over a 2-wk period at either 23 wk (4 wk post-second injection) or 25 wk (6 wk post-second injection) of age. No placebo injections were given to the physical castrates during either injection period.
Animal Selection
Pigs were housed in pens of approximately 25 pigs of like sex per pen. In total, there were 13 physical cas- 
Carcass Fabrication
At 4 d postmortem, the right side of each chilled carcass was initially fabricated into ham, loin, belly (spareribs left on), whole shoulder (neck bones removed), and jowl to comply with Institutional Meat Purchase Specifications (IMPS) as described by the North American Meat Processors Association (2010). Each primal piece was weighed again before further fabrication into subprimal cuts. Because of the variability in BW and HCW across treatments, carcass cut-out data were also expressed as a percentage of chilled side weight.
Shoulder. The whole shoulder was fabricated into a modified IMPS #404 skinned shoulder, where the picnic portion was skinned also. The Boston butt was separated from the picnic to form an IMPS #406 bone-in Boston butt and a modified skinned IMPS #405 bonein picnic shoulder. Each piece was then boned out to meet the specifications of IMPS #406A boneless Boston butt and an IMPS #405A boneless picnic shoulder. The boneless picnic shoulder was further fabricated by removing the triceps brachii and weighing the cushion (IMPS #405B).
Loin. Skin-on bone-in loins were skinned to meet the specifications of an IMPS #410 loin. Trimmed loins were weighed and fabricated into an IMPS #414 Canadian back, IMPS #415A tenderloin (side muscle off), and the sirloin end. Identities of the Canadian back loins were retained for later evaluation of pork quality parameters.
Ham. Hams were cut to meet the specification of an IMPS #401 and designated as a whole ham. Whole hams were skinned and trimmed of excess fat to meet the specification of IMPS #402 to determine trimmed ham weight. Trimmed hams were fabricated into 5 separate pieces: inside ham (IMPS #402F), outside ham (IMPS #402E), knuckle (IMPS #402H), shank portion, and light butt. The inside, outside, and knuckle were completely denuded of fat.
Belly. The whole sparerib-in belly was fabricated into an IMPS #408 belly (teat line removed and flank end squared) and IMPS #416 spareribs.
Cutting Yields
Bone-in lean cutting yield was calculated with the following equation: 
Pork Quality
Pork quality measurements for ultimate pH, objective color, subjective color, marbling, and firmness scores, and drip loss were conducted by trained University of Illinois meat science laboratory personnel. Measurements were collected after fabrication on boneless Canadian back loins (NAMP #414) cut at the area of the 10th rib. Ultimate pH was measured using a handheld pH star probe fitted with a glass electrode (SFK Technologies Inc., Cedar Rapids, IA; 2-point calibration; pH 4 and 7). Objective CIE L*, a*, and b* (CIE, 1978) values were collected with a Minolta CR-400 (Minolta Camera Company, Osaka, Japan) utilizing a D65 light source and a 0° observer and an aperture size of 8 mm. Subjective color and marbling scores (NPPC, 1999) and firmness scores (NPPC, 1991) were conducted by a single individual according to standards established by the National Pork Producers Council. Loin proximate composition was determined in the same manner described by Novakofski et al. (1989) . Water-holding capacity was evaluated using the drip-loss method in which a 1.25-cm-thick chop was suspended from a fish hook in a Whirl-Pak bag for approximately 24 h at 4°C. Chops were weighed before and immediately after suspension. Results were reported as a percentage of weight loss.
Warner-Bratzler Shear Force
Chops for shear force were cut 2.54 cm thick from the LM posterior to the area of the 10th rib. Chops were vacuum packaged, stored at 4°C, and aged until 14 d postmortem. At the end of the aging period, chops were frozen and held until further analysis. Twentyfour hours before analysis, chops were removed from the freezer and placed in a cooler at 4°C to thaw. Chops were trimmed of excess fat and cooked on a Farberware Open Hearth grill (model 455N, Walter Kidde, Bronx, NY). Chops were cooked on one side to an internal temperature of 35°C, flipped, and cooked to a final internal temperature of 70°C. Internal temperature was monitored using copper-constantan thermocouples (Type T, Omega Engineering, Stamford, CT) connected to a digital scanning thermometer (model 92000-00, Barnant Co., Barington, IL). Next, chops were allowed to cool to 25°C and four 1.25-cm-diameter cores were removed parallel to the orientation of the muscle fibers. Cores were sheared using a Texture Analyzer TA.HD Plus (Texture Technologies Corp., Scarsdale, NY/Stable Microsystems, Godalming, UK) with a blade speed of 3.3 mm/sec and a load cell capacity of 100 kg. Shear force was determined on each of the 4 cores. Shear force was reported as the average of the 4 cores. Cook loss was determined by weighing chops used for shear force immediately before and after cooking. Reported values are percentage weight lost during cooking.
Fresh Belly Characteristics
Bellies were measured with a ruler for length and width at the midpoint of the longitudinal and crosssectional axis. Thickness was measured at 8 locations starting at the anterior end on the dorsal edge of the belly and working to the posterior end for measurements 1 through 4. Measurements 5 through 8 started at the anterior end of the belly along the ventral edge working toward the posterior end of the belly in a manner similar to that described by Stites et al. (1991) . Belly flop distances were measured by draping a skinside down belly over a stationary bar and measuring the distance between the 2 skin edges.
Fatty Acid Profile Analysis
Fatty acid profiles were determined using a gas chromatograph equipped with a flame ionization detector as described by Averette Gatlin et al. 
Cured Belly Manufacturing
Fresh bellies were allowed to equilibrate to approximately 4°C for at least 24 h after fabrication. During equilibration, bellies were laid flat and covered to minimize evaporative loss. After equilibration, fresh bellies were weighed to determine green weight, injected with a multi-needle injector using a Schroder Injector/Marinator, model N50 (Wolf-Tec Inc., Kingston, NY) with a cure solution to a target of 110% of original green weight, and weighed again to determine pump uptake. Cure solution was formulated for a finished product inclusion of 1.5% salt, 0.34% phosphate, 0.05% sodium erythorbate, 0.11% sugar, and 0.014% sodium nitrite. Pump uptake was calculated using the following equation:
pumped weight green weight green weight
Bellies were allowed to equilibrate for 48 h after injection to allow for complete distribution of the cure solution. After equilibration, bellies were weighed again to determine equilibrated belly weight, combed from the flank end and cooked in an Alkar smokehouse (Lodi, WI) to an ending internal temperature of 55°C. After cooking, cured bellies were placed in a cooler for 24 h and allowed to cool to 4°C. After chilling, bellies were weighed again to determine cooked weight. Cooked yields were calculated with the following equation:
After manufacturing, bellies were peeled and cut at 25, 50, and 75% of the length of the belly from the anterior end. A 0.64-cm-thick slice was collected at each location and retained for bacon proximate composition.
Statistical Analyses
Data were analyzed with the MIXED procedure (SAS Inst. Inc., Cary, NC) as a split-split plot design. Pen served at the experimental unit, and the fixed effects in the model were sex, BW category, time of slaughter post-second injection, and the interaction of sex with BW category, sex with time of slaughter postsecond injection, and the 3-way interaction of sex with BW category and time of slaughter post-second injection. Block (BW at the time of allocation to treatment) served as the random variable. The whole plot of sex (physical castrate or IC male) was tested with the interaction of block and sex. The split plot was slaughter group (early or late), and block × sex × slaughter group served as the error term. Ending BW category (light, median, heavy) was the split-split plot and was tested with block × sex × slaughter group × ending BW category as the error term. Statistical differences were considered significant at P < 0.05 using a 2-tailed test.
RESULTS AND DISCUSSION

Carcass Characteristics
Pigs were selected at a slaughter time (4 or 6 wk post-second injection) to represent animals that were heavy, light, and median weight within their respective pens. At both slaughter times, selection criteria were met and pigs designated in the heavy category (131.37 kg) were heavier (P < 0.001) than pigs in the median category (126.07 kg), which were heavier (P < 0.001) than pigs designated in the light category (121.03 kg; data not shown in tabular form). There was also an expected difference in BW between slaughter groups. Pigs in the early group (124.54 kg) were lighter (P < 0.001) than pigs slaughtered in the late group (127.77 kg; Table 2 ). Ending BW, averaged over both slaughter times post-second injection, of the IC males were 5.5 kg heavier (P < 0.01) than physical castrates (Table 2) . Ending BW of the IC males in the early group (126.34 kg) were heavier (P = 0.03) than physical castrates in the early group (122.74 kg), and ending BW of IC males in the late group (131.53 kg) were heavier (P < 0.001) than physical castrates in the late group (124.01 kg). Additionally, IC males in the late group were 5.19 kg heavier (P < 0.001) than IC males slaughtered in the early group (Table 2 ). The ending BW advantage of IC males over physical castrates agrees with several studies reporting ending BW at different end points (Pauly et al., 2009, x = 107.1 kg; Fàbrega et al., 2010, x = 120.9 kg; Boler et al., 2011b, x = 129.7 kg) . Despite the increase in ending BW, HCW were not different (P = 0.57) between physical castrates (91.98 kg) and IC males (92.52 kg; Table 2 ). This is likely due the presence of testicles and the removal of scrotal skin and fat associated with IC males and provides some explanation for the 2.77 percentage unit decrease (P < 0.001) in dressing percentage of IC males (71.78%) compared with physical castrates (74.55%; Table 2) in this study. Liver weights have also been reported as heavier in IC males when compared with physical castrates (Pauly et al., 2009 ). The magnitude of difference in dressing percentages between IC males and physical castrates in the current study is greater than in other studies (Pauly et al., 2009, 1.2 percentage units; Gispert et al., 2010, 2.11 percentage units) . Ending BW of pigs in the current study were weighed 48 h before slaughter and without a fasting period. Dunshea et al. (2001) reported a 9% increase in ADFI of 26-wk-old IC males compared with physical castrates. Increased gut fill coupled with testicle weights, scrotal skin, and fat may account for some of the differences in dressing percentages between IC males and physical castrates.
There were no differences (P = 0.09) in loin depths of IC males (61.0 mm) and physical castrates (62.8 mm), but IC males had less (P = 0.01) 10th-rib backfat than physical castrates (Table 2 ). Estimated carcass lean was not different (P = 0.09) between IC males (56.25%) and physical castrates (55.65%; Table 2 ). Researchers have reported the average advantage (P ≤ 0.05) of carcass leanness of IC males over physical castrates to be 1.04 percentage units (Jaros et al., 2005; Fuchs et al., 2009; Pauly et al., 2009; Gispert et al., 2010) with various methods of evaluation. Therefore, the difference in carcass leanness in the current study (0.6 percentage units) between IC males and physical castrates is only slightly less than in other experiments (Table 2 ). Even so, Boler et al. (2011b) reported the Fat-O-Meater underestimates carcass leanness of IC males, and the magnitude of the differences between IC males and physical castrates is likely much larger when leanness is determined by fat-free lean determination because true carcass composition is quantified rather than calculated with a regression equation. Differences in carcass characteristics in this study could be partially due to diets differing in total lysine. The IC males were fed a diet slightly greater in lysine to prevent limitations in growth. Increased dietary lysine increased estimated carcass lean in finishing pigs in other studies (Loughmiller et al., 1998; Witte et al., 2000) , but Boler et al. (2011b) reported an increase in estimated carcass lean of 0.9 percentage units in IC males when compared with physical castrates fed the same diet.
Carcass Fabrication
Cut-out values are presented in Tables 3 and 4 . Whole shoulders, bone-in Boston butts, boneless Boston butts, bone-in picnics, boneless picnics, and jowls from IC males were heavier (P ≤ 0.02) than shoulder components of physical castrates. Boneless Boston shoulders from IC males slaughtered at 6 wk post-second injection were heavier than boneless Boston shoulders from IC males slaughtered at 4 wk post-second injection, and both were heavier (P < 0.0001) than boneless Boston shoulders from physical castrates (Table 3 ). There were no differences (P = 0.07) in cushion (triceps brachii) weights (Table 3) . When expressed as a percentage of chilled side weights, whole shoulders, bone-in Boston butts, boneless Boston butts, bone-in picnics, and boneless picnics made up a larger portion (P ≤ 0.02) of the IC male carcasses than physical castrate carcasses. There were no differences (P = 0.09) in cushions as a percentage of chilled side weights between IC males and physical castrates (Table 3) . Jowls of IC males made up a smaller percentage (P < 0.01) of chilled IC male carcass weights than of physical castrate carcasses. There were no significant interactions (P > 0.05) between sex and time of slaughter post-second injection for any loin primal or subprimal cuts (Table 3) . Whole loins (P = 0.22), trimmed loins (P = 0.07), and back ribs (P = 0.37) were not different between IC males and physical castrates, but each of the loin components was heavier (P ≤ 0.03) in IC males than in physical castrates (Table 3) . When expressed as a percentage of chilled side weights, whole loins (skin-on, untrimmed, and bone-in) of physical castrates made up a larger percentage (P = 0.02) of chilled side weights than IC males. This is probably due in part to thicker backfat depths of physical castrates. Percentages of trimmed loins were not different (P = 0.07) between physical castrates and IC males. Canadian back loins, tenderloins, and sirloins each made up a larger percentage (P ≤ 0.04) of chilled side weight in IC males than in physical castrates. Percentages of chilled side weights were not different (P = 0.40) for back ribs (Table 3) .
There were no significant interactions (P > 0.05) between sex and time of slaughter post-second injection for any ham primal or subprimal cuts (Table 4) . Whole ham weights were not different (P = 0.10) between IC males and physical castrates, but trimmed hams, insides, outsides, knuckles, light butts, and shanks were all heavier (P ≤ 0.04) in IC males when compared with physical castrates (Table 4) . When expressed as a percentage of chilled side weights, whole hams, trimmed hams, and all 5 components of the ham (inside, outside, knuckle, light butt, and shank) were greater (P ≤ 0.04) in IC males compared with physical castrates (Table 4) .
There were no significant interactions (P > 0.05) between sex and time of slaughter post-second injection for any belly cuts (Table 4 ). Whole bellies (P = 0.44), trimmed bellies (P = 0.23), and sparerib (P = 0.12) weights were not different between IC males and physical castrates (Table 4) . When expressed as a percentage of chilled side weights, whole bellies (P = 0.07) and 
Cutting Yields
There were no interactions between sex and slaughter time (P = 0.99) or between sex and BW category (P = 0.43) or the 3-way interaction (P = 0.84) for lean cutting yields. There were also no interactions between sex and slaughter time (P = 0.49) or between sex and BW category (P = 0.66) or the 3-way interaction (P = 0.28) for carcass cutting yields. However, IC males had heavier boneless lean product weights regardless of time of slaughter post-second injection when compared with physical castrates in all of the major primal cuts (Boston butt, picnic, loin, and ham) except the belly (Table  3 and 4). Those advantages translated into greater (P < 0.0001) lean cutting yields and greater carcass cutting yields (P < 0.0001) of IC males when compared with physical castrates regardless of slaughter time post-second injection (Table 5 ). Lean cutting yields of IC males slaughtered at 4 wk post-second injection were 2.61 percentage units greater than physical castrates and carcass cutting yields were 2.47 percentage units greater than physical castrates (Table 5 ). Lean cutting yields of IC males slaughtered at 6 wk post-second injection were 2.63 percentage units greater than physical castrates, and carcass cutting yields were 2.06 percentage units greater than physical castrates (Table  5 ). This resulted in a lean cutting yield advantage of IC males being 2.62 percentage units greater (P < 0.0001) than physical castrates and carcass cutting yields being 2.26 percentage units greater (P < 0001) than physical castrates when averaged over both slaughter times. Boler et al. (2011b) reported an increase in cutting yields for IC males as dietary lysine is increased in the diet, and the increase culminated with IC males having an advantage of 2.5 percentage units in lean cutting yields and a 2.4 percentage unit advantage in carcass cutting yields over physical castrates (fed a diet lower in lysine) when IC males were fed closer to their assumed dietary lysine requirement. An advantage in cutting yields of almost 2.5 percentage units of IC males over physical castrates reported in previous studies was detected in the current study for pigs slaughtered 4 wk post-second injection and persisted in pigs slaughtered 6 wk after the second injection. Lean cutting yields of IC males in the light category (65.68%), median category (64.65%), and heavy category (64.52%) were heavier (P ≤ 0.001) compared with lean cutting yields of light physical castrates (62.52%), median physical castrates (62.57%), or heavy physical castrates (61.90%) within their respective BW categories. Carcass cutting yields of IC males in the light category (76.99%), median category (76.21%), and heavy category (76.27%) were heavier (P ≤ 0.001) compared with carcass cutting yields of light physical castrates (74.48%), median physical castrates (74.32%), or heavy physical castrates (73.88%) within their respective BW categories (data not shown in tabular form).
Pork Quality
The only significant interactions (P < 0.05) between sex and time of slaughter post-second injection for pork quality characteristics were objective L* for loin lightness (P = 0.01) and objective b* for loin blueness (P = 0.04; Table 6 ). Almost every reported study comparing IC males with physical castrates has documented few practical differences in pork quality attributes. In the current study, there were no differences between IC males and physical castrates for shear force (P = 0.09), ultimate pH (P = 0.57), a* (P = 0.33), subjective color score (P = 0.64), or drip loss (P = 0.30; Table 6 ). Cook loss of chops from physical castrates (21.30%) was less than cook loss of chops from IC males (23.47%).
Objective L* values for physical castrates slaughtered in the early group were 1.55 L* units less (darker) than IC males slaughtered in the early group, but L* values for physical castrates slaughtered in the late group were 1.45 L* units greater (lighter) than L* values for IC males slaughtered in the late group (Table 6) . Objective b* values for physical castrates slaughtered in the early group were 0.20 b* units less (more blue) than IC males slaughtered in the early group, but b* values for physical castrates slaughtered in the late group were 0.65 b* units greater (more yellow) than b* values for IC males slaughtered in the late group (Table 6) .
Subjective marbling scores (P = 0.03) and objective extractable lipid content (P = 0.02) were less in IC males than physical castrates (Table 6 ). Other studies have reported similar (P > 0.05) marbling scores between physical castrates and IC males. reported no differences in marbling scores of the semimembranosus muscle of IC males (2.07%) or physical castrates (2.47%). Boler et al. (2011b) reported no differences in extractable lipid content of the LM between IC males and physical castrates when fed the same diet, but did show a decrease in extractable lipid in IC males as dietary lysine increased.
Fresh Belly Characteristics and Fatty Acid Profiles
There were no differences (P = 0.10) in fresh belly length between IC males and physical castrates, but IC males (24.55 cm) had wider (P = 0.02) bellies than physical castrates (23.73 cm; Table 7 ). Bellies from IC males were thinner (P = 0.01) and had narrower belly flops (P < 0.0001) than bellies from physical castrates (Table 7) . Fatty acid profiles are reported in Table 8 . The IC males had greater (P < 0.01) total MUFA and PUFA concentrations than physical castrates when averaged over both slaughter times. It is generally accepted that leaner pigs have a greater percentage of unsaturated fatty acids. The IC males in the current study had 1.35 mm less backfat at the 10th rib, which likely explains the greater concentration of MUFA and PUFA in IC male belly fat compared with MUFA and PUFA concentrations of physical castrate belly fat. What is interesting, however, is that the greater concentrations of total PUFA of IC males slaughtered in the early group (4 wk post-second injection) led to greater IV (P < 0.05) than those of physical castrates slaughtered in the early group (Table 8) . However, there were no differences (P > 0.05) in IV between IC males and physical castrates slaughtered in the late group (6 wk post-second injection; Table 8 ). The magnitude of change in IV between pigs slaughtered in the early group vs. those slaughtered in the late group for IC males was 1.9 IV units (Table 8 ). The magnitude of change in IV between pigs slaughtered in the early group vs. those slaughtered in the late group for physical castrates was only 0.5 IV units (Table 8) . This implies a greater opportunity to change fat quality with IC males than with physical castrates using different dietary ingredients. The overall greater IV in this population of pigs, which contained 20% DDGS in the early finishing phase and 10% in the late finishing phase, are greater than those reported by Boler et al. (2011a) , which did not contain DDGS in the finishing rations. This is not surprising because Stein and Shurson (2009) reported in a review that DDGS inclusion in finishing pig diets increased IV in 7 of 8 studies evaluated.
Cured Belly Characteristics
There were no significant interactions (P > 0.05) between sex and time of slaughter post-second injection for any cured belly characteristics (Table 7) . There were no differences in belly green weights (P = 0.24) or pumped weights (P = 0.65) between IC males (5.08 vs. 5.73 kg, respectively) and physical castrates (5.20 vs. 5.78 kg, respectively) when averaged over both slaughter times (Table 7) . Bellies from IC males (12.87%) took up a larger percentage of brine (P = 0.05) than bellies from physical castrates (11.32%), but physical castrates lost approximately 2.6% of pumped weight during equilibration, whereas IC males lost 2.79% of pumped weight during equilibration. Thinner bellies (bellies from IC males) lost a greater (P < 0.0001) percentage of moisture (11.13%) in the smokehouse than thicker bellies (10.00%; bellies from physical castrates; Table 7 ). This phenomenon is not new and was reported by Person et al. (2005) , but they attributed the increase in cook loss percentage to thinner bellies also being lighter. Contrary to that study, however, green weights in this study were similar. Even though cook loss percentage was greater in IC males compared with physical castrates, cooked yields were not different (P = 0.74) between the 2 sexes when averaged over both slaughter times (Table 7) . Boler et al. (2011a) also reported no differences in cooked yields between IC males and physical castrates.
Conclusions
The use of the anti-GnRF immunological product (Improvest) in this study had only minimal impacts on Thickness is the average of 8 measurements collected on along the belly, where location 1 to 4 is from the anterior to posterior position of the dorsal edge of the belly and location 5 to 8 is from the anterior to posterior position of the ventral edge of the belly. fresh pork quality with very few interactions among sex and time of slaughter post-second injection. No differences were detected for ultimate pH, tenderness, or color. Marbling was less in IC males than in physical castrates, but the magnitude of the difference was small. Lean cutting yields and carcass cutting yields of IC males were approximately 2.5 percentage units greater than physical castrates. The advantage in cutting yields were present in groups of pigs slaughtered either 4 or 6 wk post-second injection. Additionally, BW category did not affect cutting yield results. The IC males had greater cutting yields regardless of whether they were classified as light, median, or heavy BW pigs. Advantages in cutting yields can be attributed to increases in shoulder, loin, and ham components as a percentage of chilled side weight. Fresh bellies of IC males were thinner and had narrower flop distances than physical castrates. The IC males took up a greater percentage of brine than physical castrates, but lost a greater percentage of brine during the curing and smoking process. This netted no cooked yield differences for cured bellies between IC males and physical castrates. Based on these data, cook cycles should be managed to optimize yields. Overall, IC with Improvest improved cutting yields, did not affect pork quality, made fresh bellies thinner, and did not affect cured belly characteristics when pigs were fed a moderate level of DDGS during the finishing phase of production. Total PUFA = (C18:2 trans) + (C18:2 cis) + (C18:3n-3) + (C18:3n-6) + (C20:2) + (C20:3n-3) + (C20:3n-6) + (C20:4).
5
UFA:SFA ratio = (total MUFA + total PUFA)/total SFA.
6
Iodine value = C16:1 (0.95) + C18:1 (0.86) + C18:2 (1.732) + C18:3 (2.616) + C20:1 (0.795) + C20:2 (1.57) + C20:3 (2.38) + C20:4 (3.19).
